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Antimicrobial peptide-coupled silver nanomaterials and their

applications in medical and food fields
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Due to antimicrobial activity, nanoparticles (NPs) in
combination with antimicrobial peptides (AMPs) can be used to
kill drug-resistant (MDR) pathogens. Nanosilver ( AgNPs) has

broad-spectrum and efficient antimicrobial properties, multiple

HEEWMB BHAE AW AT E (45 :2022YFD2100804) ; #1
KT S HFRHIF TAE & T B (4 5 . 230324098034896) 5
2B AA BRI B (45 : 142-9900064701)

YEHZ A AL, T AR TR TR A

BIEEE BRRA978—) , B M b w202 i+,

E-mail: peijunli@sgu.edu.cn
IRARMRCL979—) , B, i1 g 48 A 7 i Tk 5 T E
.11, E-mail: sdl791228@163.com

s B #1:2024-02-27 B[ HH#A:2024-04-24

bacterial inactivation mechanisms, and the ability to fine-tune the
conjugation on the surface of antimicrobial peptide-conjugated
silver nanoparticles ( AMP-AgNPs), which results in higher
biosafety of AMP-AgNPs. The review summarized the latest
research progress of AMP-AgNPs conjugates and discussed the
synthesis method, antibacterial activity, mechanism of action,
hemolytic toxicity of AMP-AgNPs conjugates, as well as their
applications in medical and food fields. The future development
direction of AMP-AgNPs conjugates was also prospected.
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Figure 1  Structural classification of the AMPs
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Table 1 Preparation of AMP-AgNPs conjugates and their bacteriostasis
/DN PERL /& iy X RSN R 56 L ik
FLERHEBR T AR BT E. coli , B ATHSET RN 80%0, B 40T I 2 L 404 1, 40 M [17]
Hor AT 2 fift
FHE Tk OAL Ag-S BUAE E. coli ANTEAET-F MK N 58.7%, MRS MIIEES &, & T [19]
AgNPs 2 30.0% BN o B IE T
FHES ¥ Bk MPA BEX B E. coli S. aureus, MIC: 18 8% ¥ S 40 & 40 f A% 4% B 3K, 5 3 [20]
EDC 16 pg/mL,AgNPs & 32 pg/mL YL FE T
NHS
ZHWEB - BOX W E. coli, MIC: 8B W) 24 8 pg/mL, 40T M558 5 M 207 4 i [21]
AgNPs J 64 pg/mL T
ik Bac4463,  FrefEH BT S, flexneri ABEEY) MIC 4 2 pg/mL 21 B 2% I AL, 5k [22]
Bac22 N4 3
eI TR /T I N < X (B B W MRSA, MIC: 56 % 90 pg/mL, —— [23]
Tryasine AgNPs Jy 230 pg/mlL
SLIE SR UK OA e 1 BEAE S, aureus, W FLAWH X B2 MY —— [24]
> AgNPs
& Uik P-13 e 7R BER B E. coli. S. aureus. MIC: 8 BE 9 O 40 A6 RE /41 i B i AL . 40 [25]
7.8 pg/mL,AgNPs % 125 pg/mL W BET:
Z % 29-41(UBD  SDS BB E. coli, MIC: BEE Y Ny 89.3 pg/mL, —— [26]
AgNPs H 130.6 pg/mlL
4 Jf1 %5 35 Ik DMF BT B. subtilis MIC AREEYI N 0.01 mmol/L,  B078 41 ity BE 3 5 1 [27]
AgNPs }y 0.13 mmol/L
Jik G-Bac3.4 —NH, BUA T E. coli , (Y MM T ROR 0 AgNPs 40 M B 51 155, 40 Mo ¢ fig [28]
B 4 1% FET-
- RIE IR DMSO B P.aeruginosa , 300 Bl B A2 (B 16 90 O AN R / 200 i R 2 A 20 [29]
C,HoBr 16.6 mm,AgNPs 4 9.1 mm fBsET
FHEHE SDS BER T E. coli, MIC: B9 R 16 pg/mL, BG4 (6 15 40 K 45 0 A 40 [30]

AgNPs 128 pg/mL
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s 1 D A LG = A e 1) e R 37 N 1 Y DA 1
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ST AT RN ES SRR, @ mi
FUA (ROS) Y 7= A=, 5 B0 A 9 1 40 i 4804k 0 3. 18
f—4R M JE , AgNPs BYHURE 7738 % 57742 ROS il H M
BE1 A8 7 LA B B 2 B i 4N M AP0 0 AT OC . ROS 19 7=
A Al B R PR AgNPs X 4 5 40 i 5 P 1 B b
B H AT R S g T4 407 . 51 A 40 A 2R 4 4y F 1 i L O O
AL I T . AMPs B # W R 58 149 78 BRI
R NT A A R B B B8 2 A% L X 5 AMPs (19 ¥ I H i
FIWI RS A 0T, 2 AMPs 5 #1845 i i), 28
RLHT A B R A, 5 B AR EE A R I E B kAR ek
AR B R A R L O A SRRt T Ak E
P T L2 PR Sk i B AMPs % 3R B B9 BL ] L G B 3R AL
RO A BE ALY DL R by B R AT Y 2 B 2% S e Ol 2 32 I A
RITT AMPs b, A 5 ) N AR R ok B B kA A0 B A
M — 20 M R AMPs 25 1850 B bR R BUM R A7
gy T3 A A 40 A S M A R Y A N Al i 43
K EAFVEH I R RIE A,

HR AR B 2 MR AgNPs (9 A/ M s AMP-AgNPs {8
R ARG 22 Fp AL AT B LA LR B TR
B 5 70 40 B R T 751 0 00 6 ) Al 28 S B 0 e o o
T o AP BE T, AR, (R IE W 1) B 5 B fdE AgNPs 1]
PAUOFR 2 40 v 40 B B [, 9T 5 B8 9 25 (1 BRI 2 08 (LPS)
A EAE AT, 5 2658 1o B AR W o F 2 P Bk = LR (Bl
B AN E AN, AgNPs BYF7 78 B 48 T FR B B0 38 15 1
FEAE AR HR 55 10 0 1) 7 5 1k 25 ) 4% 32 138 0 3 By AMIPs |
IKHAR A7 5, b — 28 AgNPs 2 51 % 40 14 40 fig 19 4 HE
o, S EGE AN B AMPs Jo R, AT 0 ) 2 1 R
PE IR R A A% R A L A o S SRR, A AL
TS 20 B A0 R R BRI . S ) B, AgNPs 38 T 4E
A AT N A AL R F7 . ROS (8 7= A= 51 R 40 i 09 546 B 3%
01 25 B0 A0 B 2% IR R BRI . B b 7E 22 R AL ) e 1R
FEF R 40 4 i ZE T (|l 2) .

5 o0 feft FH 3k 26 4 43 A0 LG A I A9 B IS M 8 O
A g2 T AgNPs fie 3 25 ¥ 78 15 F 355 06 4K 75 58 = 1 v
. BT IRBEA AgNPs (9 AMPs ] DL 28 5 ik A 40 1
Yt . HL 5 P9 A 5 K A9 AR AR L Bt AMP- AgNPs i
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B 2 AMP-AgNPs 1884 5 4a 1 4a Je A8 Z 48 B 5 5
B ER TR =R
Figure 2

Schematic representation of the possible
mechanisms of AMP-AgNPs

interacting with bacterial cells to induce

conjugates

antimicrobial activity

IR AE A 2 b TR T R S S ) A R T 2R A AR
MDR i A e % = A E A, B F R m bl £
Ji 3 P X+ MDR 95 JR 4R J6 8%, 4 i, AMP-AgNPs {8 B¢ 4
HIBIT MDR 4B PEpem $ 4 T B R e oy &0
3 AMP-AgNPs 155 % 4 i 25 1k

AgNPs HAB/NY RS R T T A7 500 5% 48 £ Fi
AN (W RE 7, A 15 i 25 E 40 B (MDR) . #R 1fii s AgNPs 1)
B TR AR A A B o R L BRI Sy L T ML R 5 A0 T
A B HIL 40 BHLRE 8E , SR S 2 o A W 5 7R AR BB R R L R
JEH) AgNPs 25|23 M:, WF5E & B, AgNPs 77 75 i}
235 20 B 09 AR A BB L R B2 <C10 nm B, AgNPs
NN ONG Ik YN SN D TER- L R S A= Ik o
1NN SN N | =77 B = NS B s U W K 7 ] R O3
PESE AgNPs Il R FH 9 5 R BRI B 22, Lio %07 58 5
B AZ A5 2] T — 40 it 57 % Ik G3 R6 TAT-AgNPs 1#
Wy RS S I . AR G3 R6 TAT-AgNPs 1 H
A AR T /N AR L B M T B RS TR [R] AR A
R R K BT 40 i AY I 1 B A R A5 SRR, S
Md ] AgNPs #H 1, G3 R6 TAT-AgNPs A~ B A 5 5
BIAREE R A AR . & 25— AMP-
AgNPs fH ) 1 %5 1M 85 1 53 A1 B

Xof - {8 Bk 0 AR MK 9 2 O ML A5 Gao VT T
—BpRE - GOR R A SE S , AST E IR P-13 AR R
3R P FE AgNPs JHBITE I T — 952 2 (F 3) . Y4
BREBL b F AR S H, )RR ET K 4 nm, HHE T
AgNPs, i 1§ AgNPs 19 4 J& 2 1 K fg 5 5 3 ik 4t it
NTH-3T3 21 M, A i 40 i 1 4R 0% 40 B 2 14 .

B4 Xt AgNPs 1 8 %2 th A B T 50 IR AMPs f) — 28
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Table 2 Hemolysis, toxicity analysis and their application of AMP-AgNPs conjugates
NN LIES 1ML 53 1T 20 N 7 ;] SCHk
JIk Bac4463 . Bac22 - —— Bl PR A AL R B R [22]
A HURIK Tryasine #2400 L0400, 7 i A6 ARasCan i S i 2L 30 9 240 M0, AR 6 (R Il il B4 Rt [23]
Y4 1%, AgNPs 2 100% W 0 A0 R e A 2 A
SRR OA BN ZLA B, A R I AN M NTH-3T3 BB &Pl m, S A YA [24]
BART 7% MG 1R 8006, HAT R Al j A Mt 1 Okt
il
K P13 —— BN NIH-3T3, A0MTE 7. BB 24 [25]
WEA R 60% , AgNPs 2 20%
4 M oF & K Ry KRR, A —— TRYT A R [27]
GsRs TAT WEA R 21% . AgNPs 2 54%
| WA T 2% HE 2 B g L0 A s e B AR Vero ZHML L RERPAY ALEL B RGBT Dk [50]
T HBE M ERT 25% Y0 B PEAIR TR AgNPs TR
ZHWR ELMHHE —— BRI NIH-3T3, 400G 0. o H0 1. 5 A 1 AH 4 [51]
fik A I Y14 80 %% AgNPs 2 65% P A3 101 Okt

B 3 P-13@AgNPs M1k 20 it # 1 F 38 3%
B E A T E R

Schematic of the mechanisms of reducing

Figure 3

cytotoxicity and enhancing antimicrobial

activity by P-13@ AgNPs

[ A e B n 3 3 A A B BB 11 92 i M 2%, AgNPs 1 D Fifi B8
AR ANFIFE AR, DL R 45 25 AR e, 1T AMP-AgNPs
TR AT L 2E 35 A ) Bt T, kG 20 400 e % R S0 L 1Y 52
W, [, AMP-AgNPs {8 5t 4 A (At T — Fp 5t 4t 40
PR 0 B A e 22 L I I 1 5 T B TR0 L 0D TX
BU AL Rk R 3 T SR (A5 B 2 43 48 B R A
A5 3 T ok 3% L (0 B0 TR A R Xk e L 3h 4 A T EL A B Y
A, O B EIG PRVE 1 HE L T 2] g
4 AMP-AgNPs {BI:Hi w H
11 MimEpRE

AgNPs JEAEN Ag™ (125 Uk 21 41 B 15 A 40 5%, 1ni A

S ot 2 B R A T 1 OB S L X Rh T AR AN
554 4y W A R /NG A ORUAH B fE . IRk, AgNPs 5
AMPs BB AT DL 3 3 AMPs 55 40 15 B8 09 A0 B4R T, R
W Agt IS E S AR, P EBURE . 1t S, AMPs
A RLBH 1k AgNPs B4, 13 FoR st . AgNPs th Al
DA AMPs (% e a1 ARG 4, AT 2F B0 B RCSR . S
F AgNPs f9 il # & Tryasine-AgNPs™?! | G3R6TAT-
AgNPs" VA A HOR SE AL T 25 41 7 MRSA 4578 N 1 4%
FhdEY) . Zannella 200 438 T — F 5 R 5] Mk 1 2 40 Bk
B AgNPs DIXTHT D 6 41 18 8%y, 37 4 1 HX T a5 i f
W SR E (4 4 B A A BR R VD IR AR IR MG TS M. B5 R E
B I ) X < 7 AR A A EL A AR o B 0 9 L MIIC T
K5 pg/mL, X IR YT O AR A e g B R B R
Ak s AMP-AgNPs {8 I % 36 97 R 5 g% e | il 357 Jgk Ye &5
FEA BUF AR, AMP-AgNPs {1 9 78 B 19 47 3
MR PR HE T
4.2 O

A3 100 A 52 B R L BT O RE S T A DI R T
R 2z — AR I B IR A 0 B A R Y AR S T B
BEIF ROk, Chen %57 78 KBTS MU IX 3800F B 42 )22 IR %
SR PR T AGO-AgNPs-OA {8 5 9 1 4 181 @ 4 5%
B0 004 R . AGO-AgNPs-OA fil AGO-
AgNPs BOR 05 A @& 4 B (2 k7R, i 5 oAt
AR L L B I 4 SBORE 2R A4 05 1 A A B TP BR B
RSN, Mei SPTHHAZFE £ EATHE K A & 0
TR Y AgNPs-BA #l AgNPs-PE, Jf X [f] A 9 4b 2 K
R B 1 3E 4T T A L WA, i 7 R R Rt A
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(H&E) B a1 21 212 FUR 43 51 W 28 51 J Ak L P 2E 120
T 1 A E 0 45 G A 2O B R 5 T A, 3 A R K
PBOR AT B AU, RS T A s S,
It s AMP-AgNPs R IX 4T 68 A B F By 1k 07 71 g , £ it
ving@a  AANEEEMAEYHAEN. K THRELES
ARHEE 5 1 Gy T R
4.3 BRBERE

AMPs &8 B B T8 & Tl ST, OF 38 o # 1
YN W TR A A U R AT T SR L R
AMPs 76 P 1 B3R AL HE TR SR 1 R AR L S
1 5 T3 A LA L O T B ARG S R L 4 oK 0L 4
YA 3R 15 3 3 0k LR I AMPs o 32 [ i 5k 0,
Sidhu %0220 F) F 47 18 K Bac4463 #1 Bac22 4 5 40 3t (1
AgNPs X Z b £ i JE I 0AE W 00 A7 B0 BRI M, 5 R
Mg Fl AgNPs 8 AMPs #H It . Bac4463-AgNPs Fl Bac22-
AgNPs X AN [a] £ I Wi A= 90 0 1A A1 B sl SR 35 7 o 38
i, Pandit 255 F AE Y A B AgNPs I 5 Nisin #6477
IR, I i 4 1 41 25 4 10 TD% 0 kB B R B R ) B R
SN WM BB T AgNPs I Nisin Bl 4 . 4h,
Pandit 45 0 il £ T 8 4 A 9 4 106 09 35 AR S % 2
JEWCR A TR R L R AR B s . Bk, AMP-
AgNPs B I 4 RT 15 £ 5 By 8 77 1 56 X 20 b T 0 A=
BT RO S HO A A = b an e oA A5 B A P TR E M T
T A e DA E KA 1 PR S A
5O SR

BT K3 B0 4R 4 KR T CAMP-AgNPs) {8 16 4 0] 1
Ry —BlHT R AR AE A B AR b R A A
TEVE 2 A AR E A U, A4 . O R BT T B SR A A TR 2
R LB FEXT T A BRI T 1AM 0 | i 4 (B2
Xof (M Ik 0 7E Sl 0 VR D9 B TR AR R B G X LA 1Y 5 i
FARIHA L, @ Hud Hll o oF 52 K 88 3 A, AMP-
AgNPs {8 1 4y 15 Fh 2 410 k) HIL ] 2 4% 4 38, B 78 40 i ok
FRArF KO BRI AE TS, SR AgNPs RAUS 7
e o 1 o e e S R 11 WS i - S
) A6t 2 3 BRI I TR BT A AL o 3 AT R —
B . @ K AMP-AgNPs A B X AL 19 K805
PERZ R IH A T B — AR R A B 1 1 S
AR P I, DL 5E 4 B 4R 0 6 A b OB B9 B PR AE .
@ AMP-AgNPs 159 1E g —Flon B OB TT B 2= 51
AU, AN AL R 0 O TORE S, {H A At 48 3 Y
NS FFRAITEZ  H i, FF & AMP-AgNPs {8 B 4 78
RSN XN YR ol R I s B el -
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